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ble breast masses during pregnancy and lactation.
Materials and methods: Forty eight patients with palpable breast masses during pregnancy and lac-
tation were evaluated by Ultrasound. When Ultrasound revealed a benign lesion as cyst no further
diagnostic evaluation was necessary. On the other hand, when Ultrasound demonstrated a suspi-
cious lesion, mammography, MRI and or biopsy was performed.
Results: Ultrasound showed a well deﬁned lesion with the criteria of benignity categorized as BI-
RADS 2 in 25 cases, 20 cases as BI-RADS 3, 2 cases as BI-RADS 4 and one as BI-RADS 5. One of
the 2 cases classiﬁed as BI-RADS 4 was completely obscured on mammography. According to
Goettinger score, MRI categorized 4 lesions in lactating patients as 1 intermediate and 3 suspicious.
Tru-cut biopsy and US guided aspiration established the pathological diagnosis in 23 cases.
Conclusion: The majority of pregnancy-associated breast masses are benign; still, a thorough eval-
uation of any lesion is required, in order to rule out malignancy. US constitutes the most appropri-
ate radiologic method for evaluating breast disorders in women during pregnancy and lactation. US
has a greater sensitivity than mammography in this issue. MRI is not recommended duringulty of Medicine, Cairo Uni-
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268 I.A. Hosny et al.pregnancy and shows limitation in the lactating period. MRI breast should be used for undeter-
mined cases and for staging malignancy. When the imaging results are suspicious and for grading
malignancy, biopsy should be performed to obtain a pathologic diagnosis.
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The breast density increases dramatically during pregnancy
and lactation due to considerable hypertrophy of the ductal-
lobular-alveolar system. These hypertrophic changes impose
special problems and reduce the sensitivity for detecting breast
lesions. A variety of benign disorders in addition to malignant
tumors can affect the breast during pregnancy and lactation.
Although pregnancy associated breast cancer (PABC) is rela-
tively uncommon, yet a thorough evaluation of breast masses
during pregnancy and lactation is required to rule out malig-
nancy (1). Benign lesions may be speciﬁc for pregnancy and
lactation as galactocele, lactating adenoma, breast infarct
and gigantomastia, or non-speciﬁc as ﬁbroadenoma and ham-
artoma. The safety of mammography and MRI during preg-
nancy and lactation is controversial. US could be more
valuable during this period for evaluation of breast masses be-
cause of its safety and ability to detect most of all masses (2).
The goal of this study is to evaluate the role of the different
imaging modalities and techniques in the diagnosis of palpable
breast masses during pregnancy and lactation.
2. Subjects and methods
The study group included 48 patients (age range: 19–39 years,
mean 29 years) with palpable breast masses during pregnancy
and lactation that were referred from the outpatient clinics to
the Department of Radiodiagnosis. Six patients of the 48 had
positive family history of breast cancer. All masses were inves-
tigated clinically as well as by Ultrasound with a high resolu-
tion system (Logic 700, GE, Milwaukee, USA, Probe
Frequency 12 MHz). Examinations were carried in accordance
with the ethical standards and all patients gave informed con-
sent for inclusion in this study.
When Ultrasound revealed a benign lesion as cyst, no fur-
ther diagnostic evaluation was necessary. When Ultrasound
demonstrated a suspicious lesion, a mammogram in mediolat-
eral oblique view was done using the digital mammography
system (Senographe 2000 D, GE). For highly suspicious le-
sions and in 1 case of suspected bilateral gigantomastia, bilat-
eral mammography was performed.
When clinical course, Ultrasound and mammography could
not rule out breast cancer, MRI of the breast was done, which
was also necessary for staging breast cancer preoperatively (size
of the tumor, multifocality, multicentricity and contralateral
tumor) in case of lactating women. Gadolinium contrast
crosses the placenta. In animal studies, growth fetal retardation
has been reported after administration of high doses of Gado-
linium. Thus gadolinium is not recommended for use in preg-
nant patients according to the United States Food and Drug
Administration and International Commission on Non-Ioniz-
ing Radiation Protection guidelines (2). Breast MRI was per-
formed with 1.5 T Philips system by using dedicated bilateral
breast surface coil in combination. Acquiring images in the sag-ittal or axial plane more closely reproduces the positioning of
the mediolateral and craniocaudal mammographic views,
respectively, and facilitates correlation between MR imaging
and mammographic ﬁndings. A two dimensional fast low angle
shot pulse sequence with fat suppression was used. Slice thick-
ness 4 mm without gaps in an acquisition time of 60–90 s,
according to the volume of the breasts and to the ﬁeld of view.
The entire breast was imaged before and ﬁve times at 1, 2, 4, 6
and 8 min after IV administration of 0.1 mmol of gadopentate
dimeglumine (Magnevist) per kilogram of body weight. Post
processing included subtraction of the unenhanced images
from the contrast enhanced images, calculation of the time-
intensity curve of any lesion and a maximum intensity projec-
tion reconstruction (MIP). The ROI was placed within the area
of the most intense enhancement. The enhancement amplitude
was calculated as percentage of the precontrast signal intensity.
(SI post – SI pre)/SI pre · 100%), where SI post indicates post
contrast signal intensity and SI pre indicates precontrast signal
intensity. For signal intensity curve evaluation, the steepness of
the initial enhancement and the characteristics of the post ini-
tial phase (increase, plateau or wash out) were taken into con-
sideration according to the Goettinger score. Ultrasound and
mammography were classiﬁed in accordance to the breast
imaging reporting and data system BI-RADS categories. In
MR mammography, form and contour of the lesions and the
dynamics of contrast enhancement (initial signal intensity and
post initial signal intensity) were measured. In 20 cases, clinical
and radiological results were correlated with cytology. Twenty
ﬁve cases of the remaining 28 were diagnosed as BI-RADS 2
and 3 cases as BI-RADS 3. Six months follow up of the 3 cases
of BI-RADS 3 converted them to BI-RADS 2.
3. Results
Table 1 shows the different imaging modalities and techniques
used for the evaluation of the 48 cases included in this study.
Ultrasound showed a well deﬁned lesion with the criteria of
benignity categorized as BI-RADS 2 in 25 cases (Fig. 1), a
probably benign lesion classiﬁed as BI-RADS 3 in 20 cases,
2 lesions suspected of malignancy showing irregular border
and hypoechoic texture classiﬁed as BI-RADS 4 and one
highly suspicious lesion with irregular outline, skin thickening,
and pathologically enlarged axillary lymph nodes, classiﬁed as
BI-RADS 5 (Table 2).
In 12 cases out the 48, mammography was done. In 9 cases
classiﬁed as BI-RADS 3 by Ultrasound, mammography re-
vealed no suspicious or typical benign lesion (Figs. 2 and 3).
Two cases classiﬁed as BI-RADS 4 and 5 by Ultrasound, bilat-
eral mammography was done and conﬁrmed the ultrasono-
graphic ﬁndings (Fig. 4). The last case classiﬁed as BI-RADS
4 was completely obscured on mammography and was further
evaluated by MRI (Fig. 5, Table 3).
MR breast was done in 4 lactating patients, classiﬁed as BI-
RADS 3, 4 and 5 by Ultrasound and mammography (Table 4,
Table 1 Imaging modalities and techniques used for the evaluation of the 48 cases.
Imaging modalities and techniques Ultrasound Mammography MR mammography Tru-cut biopsy US guided aspiration
Number of cases 48 12 4 20 3
Fig. 1 US and mammography of breast carcinoma. Pregnant 35 year old woman with palpable hard non-painful lump of the upper
outer quadrant of the left breast. (A) US showing highly suspicious hypoechoic spiculated lesion. (B and C) CC and MLO mammography
showing partly obscured UOQ dense lesion.
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guided aspiration of 2 cases of large galactocele and 1 case
of abscess was also performed.
4. Discussion
The majority of pregnancy-associated breast masses are be-
nign. Pregnancy-associated or gestational breast cancer
(PABC) is a relatively uncommon event; the frequency is
approximately 1 in 3000 pregnancies, 0.2–3.8% of all breast
cancers and approximately 7–14% of newly diagnosed breast
cancers in women under 40 are associated with pregnancy
(3). In our study, the majority of pregnancy or lactationassociated breast masses were benign, 45 out of 48 cases
(93.75%) and only 3 cases were malignant (6.25%).
Most pregnancy associated breast cancers present as pain-
less masses, which in 90% of cases are discovered by the pa-
tients. Many series have documented signiﬁcant delay in
diagnosis (average 5–7 months, but as long as 18 months)
(4). In our study, 3 cases of PABC were pathologically proven.
They were discovered by the patients with a delay in diagnosis
ranging from 4 to 8 months. Such delaying factors have been
cited as being responsible for the observed tendency toward
more advanced disease at time of diagnosis (larger tumors
and a higher percentage with positive axillary lymph nodes)
(4). In our study 1 case out of the 3 had advanced stage with
Fig. 2 US and mammography of breast carcinoma. Lactating 30 year old woman with palpable ﬁrm mildly tender lump of the upper
outer quadrant of the right breast. (A) US showing suspicious hypoechoic, partially ill deﬁned lesion. (B and C) CC and MLO
mammography showing dense parenchyma completely obscuring the US detected UOQ lesion.
Table 2 Ultrasound ﬁndings of the 48 cases.
Ultrasound ﬁndings BI-RADS 2 BI-RADS 3 BI-RADS 4 BI-RADS 5
Number of cases 25 (14 simple cyst
& 11 galactocele)
20 (1 bilateral gigantomastia,
14?ﬁbroadenoma, 2? lactating
adenoma, 1?abscess, 2?mastitis)
2 (suspicious solid lesions
with irregular outline)
1 (highly suspicious lesion with
irregular border, skin thickening
and pathologically enlarged
axillary lymph nodes)
270 I.A. Hosny et al.positive lymph nodes, while the other 2 were discovered
relatively at an earlier stage. The histologic types of breast can-
cer diagnosed during pregnancy and lactation are similar to
those seen in the general population of breast cancer patients.
Inﬂammatory carcinoma, once thought to be more commonly
seen in pregnancy associated breast cancer, is now believed to
occur at about the same rate as it does in non-pregnant womenof the same age (5). In our study, no inﬂammatory carcinoma
was reported.
US is very useful in differentiating between cystic and solid
masses as well as characterization of different lesions. US con-
stitutes the most appropriate radiologic method for evaluating
breast disorders in women during pregnancy and lactation.
Son et al. (6) and Ahn et al. (1) reported US sensitivity for
Fig. 3 US of galactocele. Lactating woman 22 year old with
slightly tender palpable lump at the supraareolar region of the left
breast. US showing well deﬁned hypoechoic lesion with internal
echoes and distal enhancement.
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ported a sensitivity of 93%. Liberman et al. (8) and Ahn
et al. (1) found that the sensitivity of mammography in detect-
ing PABC was 78% and 86.7% respectively. In our study the 3
suspicious lesions diagnosed on US proved to be invasive duc-
tal carcinoma on pathological analysis (100%), while mam-
mography detected 2 cases out of the 3 cases (66.7%)
(Figs. 1 and 2)
Fetal malformations are believed to occur with exposure to
more than 0.05 Gy of radiation in the ﬁrst trimester (2). Stan-
dard two-view mammography of each breast performed with
abdominal shielding subjects the fetus to only 0.004 Gy of
radiation. Thus, contrary to popular belief, mammography
with abdominal shielding can be performed if necessary during
pregnancy––basically for the staging of breast cancer––with
minimal or no risk to the fetus. Nevertheless, current recom-
mendations are to avoid mammography during the ﬁrst tri-
mester (2). In our study, we performed mammography for 12
cases, of which 3 only were pregnant in the second or third tri-Fig. 4 US and mammography of lactating adenoma. Lactating wo
painful lump. (A) Color Doppler US showing well deﬁned. (B) ML obli
lesion, dense breast predominantly at the UOQ.mester. These 3 pregnant cases underwent mammography with
abdominal shielding.
Although MRI involves no irradiation, several disadvan-
tages limit its use in the diagnosis of breast cancer in pregnant
and lactating women. Gadolinium crosses the placenta, and is
associated with fetal abnormalities (9,10). In our study, MRI
was performed on the 3 US suspicious solid lesions in lactating
women and showed good correlation with the ultrasonic ﬁnd-
ings. The case that showed clusters of microcalciﬁcations in
mammography, appeared to be bifocal in MRI with Goettin-
ger score of 8. While, the other 2 totally and partially obscured
lesions on mammography showed Goettinger score of 6 in
MRI. The 3 cases were conﬁrmed by tru cut biopsy to be inva-
sive ductal carcinoma.
Pregnancy related benign disorders include galactocele, lac-
tating adenoma, breast infarct and gigantomastia. Galactocele
is the breast lesion most commonly found during lactation
(11). In the study carried by Son et al. (6), 11 (22.45%) cases
of galactoceles out of 49 cases of pregnancy associated breast
masses, were reported. In our study, 11 cases (22.9%) were de-
tected. According to Park et al. (12) most pregnancy-related
galactoceles demonstrate the sonographic features of cysts,
whereas pregnancy-unrelated galactoceles demonstrate the
same variable sonographic ﬁndings as solid masses. In our
study, all cases were pregnancy related and showed cystic
appearance with internal echoes and variable posterior
enhancement (3). Aspiration under ultrasound guidance is
diagnostic and therapeutic in cases of large more than 3 cm
galactoceles (6). In our study, two cases were large and aspira-
tion under US guidance was performed.
Lactating adenoma, also termed lactating nodule or nodu-
lar lactational hyperplasia are discrete, round well-demarcated
masses unique to pregnancy (13). Despite the name, lactating
adenoma are more common during pregnancy. Consequently,
the alternative term ‘‘breast tumor of pregnancy’’ has been
suggested. The sonographic features of lactating adenomas
can be variable (14). In the study carried by Son et al. (6),
the sonographic ﬁndings of lactating adenomas ranged from
well-circumscribed, benign looking lesions to masses with
malignant features, which included irregular, angulated mar-
gins. In our study, 2 cases of suspected lactating adenomaman 30 year old with right upper outer quadrant palpable non-
que mammogram showing non-homogenous hypoechoic avascular
Fig. 5 US and mammography of breast abscess. Lactating woman aged 27 years with palpable painful left upper outer quadrant lump,
associated with inﬂammatory signs. (A) US showing irregular shaped cystic lesion, moving internal echoes, thick wall, overlying skin
thickening and mild distal enhancement. (B and C) CC and MLO mammography showing increased density of the UOQ with skin
thickening and nipple retraction.
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were diagnosed on Ultrasound based on the well deﬁned hypo-
echoic texture with cystic changes, and were further evaluated
by single view mammography, showing benign criteria. One of
these 2 cases was conﬁrmed by tru-cut biopsy, the other one
refused biopsy and 6 months follow up showed partial regres-
sion (4).
Gigantomastia can occur as a rare complication of preg-
nancy. But, more frequently it occurs as juvenile gigantomas-
tia, known as virginal breast hypertrophy. It is unnecessary
and inadvisable to biopsy the breast tissue when gigantomastia
is identiﬁed because of the risk of bleeding and infection.
Biopsy is recommended only when a discrete, suspicious regionTable 3 Mammographic ﬁndings in 12 out of the 48 cases.
Mammographic ﬁndings BI-RADS 3 BI-RAD
Number of cases 10 (1 bilateral gigantomastia,
3 partially obscured rather well
deﬁned lesions, 2 asymmetric
densities and 4 completely
obscured lesions)
1 (suspi
irregula
obscureof abnormality is detected (15). In our study, 1 case of bilateral
gigantomastia presented gross glandular hypertrophy on
Ultrasound and diffuse increased density on mammography.
MRI showed Goettinger score 4 with discrete suspicious re-
gion. Tru cut biopsy showed no signs of malignancy, and the
patient underwent reduction surgery.
Other benign breast lesions as simple cyst, ﬁbroadenoma,
hamartoma, and inﬂammatory lesions may also present during
pregnancy and lactation. In our study, 14 cases of simple son-
olucent cysts with thin uniform wall and distal posterior
enhancement were diagnosed on Ultrasound and no further
investigation was required. Fibroadenoma or hamartoma can
enlarge signiﬁcantly during pregnancy and lactation due toS 4 BI-RADS 5
cious density with
r and partially
d outline)
1 (highly suspicious lesion with
dendritic outline, cluster of microcalciﬁcations
and pathological lymph nodes)
Table 4 MR criteria of 4 cases out of the 48 according to the Goettinger score.
MR criteria Number of cases Morphology Dynamics
Shape Margin Enhancement Initial SI Post initial SI Score
1 Polygonal Indistinct Non-homogenous 50–100% Plateau 4
1 Polygonal Ill-deﬁned Non-homogenous >100% Rapid washout 6
1 Lobulated Ill-deﬁned Non-homogenous >100% Rapid washout 6
1 Dendritic, bi focal Ill-deﬁned Rim >100% Rapid washout 8
Table 5 Tru cut biopsy pathological results of 20 cases.
Pathology Bilateral gigantomastia Lactating adenoma Fibroadenoma Mastitis Ductal carcinoma
Number of cases 1 1 14 1 3
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tion (2). In our study, 14 cases of ﬁbroadenoma were suspected
on Ultrasound, 3 lactating patients out of these 14 cases were
further examined by single view mammography owing to the
positive family history of cancer breast, relative large size of
the lesion or recent development of the mass. No suspicious
features were observed in mammography. All 14 cases were
proved pathologically.
Variable radiological ﬁndings associated with mastitis or
breast abscesses have been reported, including unilocular or
multilocular abscesses or heterogeneous high to low echoic
mass-like lesions with increased blood ﬂow. US evaluations
are of great value in assessing clinically suspect breast ab-
scesses and in guiding drainage or aspiration (16). In our
study, we found no remarkable difference between the US
appearance of the 2 cases of mastitis and the case of abscess
than that described in the literature. Although uncommon,
ultrasonic appearances of inﬂammatory carcinoma may mimic
mastitis and follow-up to ensure resolution should avoid mis-
diagnosis. Abscesses may be drained under ultrasound guid-
ance however, follow up to ensure complete resolution is
recommended in these cases. Alternatively abscesses can be in-
cised and drained surgically. Cessation of breastfeeding is not
necessary during any of those treatments (17). In our study
mammography was done in the 2 cases of mastitis to rule
out associated microcalciﬁcations. One of them underwent
tru cut biopsy owing to the presence of associated microcalciﬁc
foci with no evidence of malignancy. Both cases were followed
clinically with complete resolution. One case of breast abscess
was also included in our study with typical ultrasound and
mammographic ﬁndings, it was aspirated and followed after
6 months with no evidence of recurrence (5).5. Conclusion
The majority of pregnancy-associated breast masses are be-
nign; still, a thorough and prompt evaluation of any lesion
during this time is required, in order to rule out malignancy.
US constitutes the most appropriate radiologic method for
evaluating breast disorders in women during pregnancy and
lactation. US has a greater sensitivity than mammography in
the evaluation of pregnancy associated breast disease. MRI
is not recommended during pregnancy and shows limitation
in the lactating period. MRI breast should be used for undeter-mined cases and for staging malignancy. When the imaging re-
sults are suspicious or grading of malignancy is needed, biopsy
should be performed to obtain a pathologic diagnosis.
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